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Objectives. We sought o evaluate the efficacy of anatomically 
based radiofrequency catheter ablation for the treatment of 
intraatrial reentrant tachycardia n patients with previous atrial 
surgery. 
Background. Intraatrial reentrant tachycardias, a common late 
complication of atrial surgery, are often refractory to standard 
medical management. Data from experimental nimals and from 
humans indicate that anatomic barriers resulting from residual 
atrial scars provide a substrate for intraatrial reentry. We spec- 
ulated that these tachycardias require anarrow isthmus of tissue 
between surgical scars and native nonconductive boundaries and 
that transection of this isthmus with radiofrequency ablation 
would therefore constitute an effective treatment. 
Methods. Fourteen patients with a history of atrial surgery and 
clinical intraatrial reentrant tachycardia underwent electrophysi- 
ologic testing. From activation mapping, putative surgical scars 
and patches that served as boundaries of reentrant circuits were 
identified. Radiofrequency lesions were then placed to transect the 
narrowest isthmus of conducting tissue between a surgical scar 
and an anatomic barrier. Catheter ablation was attempted only 
for tachycardias consistent with the patient's clinical arrhyth- 
mias. 
Results. Radiofrequency atheter ablation was attempted for 17 
(55%) of 31 tachycardias identified; it successfully terminated 
tachycardias in 13 (93%) of 14 patients (95% confidence interval 
[CI] 79% to 99%). There were clinical recurrences in six patients 
(46%, 95% CI 19% to 73%), each of whom underwent a repeat 
ablation that was successful. Twelve (86%) of 14 patients (95% CI 
67% to 99%) have remained free of intraatrial reentrant tachycar- 
dia for a mean of 7.5 -+ 5.3 months. 
Conclusions. Anatomically guided radiofrequency atheter ab- 
lation is an effective technique for definitive management of
intraatrial reentrant tachycardia n patients with previous atrial 
surgery. 
(J Am Coil Cardiol 1996;28:411-7) 
Intraatrial reentrant tachycardia s an important late compli- 
cation of cardiac surgery, especially after palliative procedures 
for congenital heart disease, which often involve extensive 
atrial surgery (1-6). Although intraatrial reentrant tachycardia 
in postoperative patients is often classified as atrial flutter, it 
differs significantly from typical atrial flutter. Studies of typical 
atrial flutter in experimental animals and in humans (7,8) have 
delineated a region of slow conduction i the area bounded by 
the os of the coronary sinus, the septal aspect of the inferior 
vena cava and the posteroseptal margin of the tricuspid 
annulus. In contrast, mapping studies (9) have demonstrated 
that intraatrial reentrant tachycardias are facilitated by the 
nonconductive atriotomy scars resulting from previous cardiac 
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surgery, with stable reentrant activation occurring around 
these or adjacent anatomic obstacles. These results are consis- 
tent with those obtained by extensive atrial mapping in canine 
models of intraatrial reentry (10-13). 
Preliminary experience indicates that intraatrial rccntrant 
tachycardia may be amenable to radioffequency atheter ab- 
lation. Lesh et al. (14) described successful radiofrequency 
catheter ablation of this arrhythmia in five of six patients. 
Triedman et al. (15) achieved immediate success in 8 (80%) of 
10 patients; however, only 4 of the 10 remained free of 
arrhythmias during the follow-up period. Both investigative 
groups emphasized the importance of identifying regions of 
slow conduction by using pace entrainment. However, in 
studies of intraatrial reentrant tachycardia in experimental 
animals, Rosenbleuth and Garcia-Ramos (10), Boyden (11) 
and Frame (12,13) and colleagues demonstrated the impor- 
tance of anatomic obstacles in creating protected zones for 
maintaining reentrant tachycardias. Areas of slow conduction 
were not identified in these studies. 
To test the hypothesis that intraatrial reentrant tachycardia 
in patients who have undergone cardiac surgery involving the 
atria is dependent on an isthmus of conductive tissue coursing 
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Table 1. Patient Characteristics 
Antiarrhythmic 
Pt No. Age (yr)/Gender Diagnosis Primary Operations Drug Trials 
1 4/F Pulmonary stenosis, ASD ASD closure, pulmonary valvotomy Digoxin, amiodarone, verapamil 
2 4/F Ebstein's anomaly Modified fontan Digoxin, amiodarone, verapamil, 
procainamide 
3 32/M Wolff-Parkinson-White syndrome Surgical transection of accessory Digoxin, diltiazem, flecainide, 
pathway procainamide 
4 8/F AV canal AV canal repair, MVR X 2 Digoxin, amiodarone, flecainide 
5 20/M Tricuspid atresia, L-TGV Fontan Digoxin, procainamide, disopyrimide 
6 52fF ASD, pulmonary stenosis ASD closure, pulmonary valvotomy Quinidine, digoxin, disopyrimide, 
flecainide, amiodarone, procainamide, 
encainide, sotalol 
7 10/F Tricuspid atresia Fontan Digoxin, disopyrimide, verapamil, 
procainamide 
8 69/F MR, CAD MVR, CABG Sotalol 
9 18/M D-TGV Mustard Digoxin, disopyrimide 
10 66/M Cardiomyopathy Cardiac transplantation Quinidine, diltiazem 
11 6/F Cleft mitral valve Mitral annuloplasty Quinidine, digoxin, propranolol, 
flecainide 
12 33/M Wolff-Parkinson-White syndrome Surgical transection of accessory Procainamide, verapamil 
pathway 
13 28/F Tricuspid atresia Fontan Diltiazem 
14 63/F ASD ASD closure Digoxin, quinidine, propranolol, sotalol, 
amiodarone 
ASD - atrial septal defect; AV = atrioventricular; CABG = coronary artery bypass grafting; CAD = coronary artery disease; D = dextro; F = female; L = levo; 
M = male; MR - mitral valve regurgitation; MVR = mitral valve replacement; Pt = patient; TGV = transposition of the great vessels. 
between two nonconductive barriers, we attempted to deter- 
mine whether a simple approach to transect such an isthmus 
would be effective in terminating these tachycardias. After 
identifying the locations of nonconductive barriers consistent 
with surgical scars, we performed activation mapping in the 
vicinity of these obstacles to identify the local flow of activa- 
tion. We then applied radiofrequency urrent o transect he 
narrowest isthmus of the reentrant circuit as it coursed be- 
tween the nonconductive barrier and a native anatomic barrier 
to conduction (e.g., inferior vena cava, superior vena cava or 
tricuspid annulus). 
Methods 
Study patients (Table 1). Fourteen patients were referred 
to the Pediatric and Adult Cardiovascular Divisions of the 
Washington University School of Medicine between June 1993 
and June 1995 for the management of previously documented, 
symptomatic atrial tachycardias refractory to medical manage- 
ment. The mean age _+ SD of the patients was 34 + 25 years 
(range 4 to 70); five were male. All patients had undergone 
previous cardiac surgery >-2 years before they underwent the 
catheter ablation procedure. Intraatrial reentrant tachycardia 
had been present for >-6 months before catheter ablation. All 
patients had had symptomatic recurrences of their arrhythmia 
although they were taking an average of 3.3 _+ 1.8 antiarrhyth- 
mic medications. Ten patients had been surgically treated for 
congenital heart disease and two for Wolff-Parkinson-White 
syndrome; one patient had had both mitral valve replacement 
and coronary artery bypass grafting, and one patient was a 
heart ransplant recipient with an atriotomy in the donor right 
atrium. 
Electrophysiologie evaluation. Written informed consent 
was obtained from each patient before the electrophysiologic 
procedure. All antiarrhythmic agents were discontinued for 4 
half-lives before the procedure. Continuous monitoring of 
blood pressure and oxygenation was performed throughout the 
studies. A 6F decapolar catheter (Cordis/Webster Corpora- 
tion) was placed along the lateral wall of the right atrium. A 7F 
quadripolar catheter with a 4-ram deflectable tip was used for 
mapping and the application of radiofrequency current. A 
radiofrequency generator (E. P. Technologies or Radionics 
Inc.) supplied radiofrequency energy for ablation. Impedance 
monitoring was used in all cases. Rapid increases in impedance 
were thought to indicate coagulation, and radiofrequency 
applications were terminated when such increases were ob- 
served. Only those arrhythmias believed to be clinically rele- 
vant were targeted for ablation. 
Tachycardias that were incessant and present at the start of 
the procedure were targeted for ablation. Tachycardias readily 
and reproducibly induced with programmed stimulation or 
burst pacing were also targeted for radiofrequency termination 
if they were sustained or their P wave configurations matched 
those of the clinical tachycardias. Ablation was attempted for 
nonsustained intraatrial reentrant tachycardias (duration 
<3 rain after induction) only if the P wave configurations were 
consistent with those of the clinical tachycardias. Isoproterenol 
was used in an effort to sustain these rhythms. 
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Identification of nonconductive barriers. Patients under- 
went activation mapping during intraatrial reentrant tachycar- 
dias. Activation mapping was concentrated in regions of pre- 
vious surgical intervention (suture lines, baffles), on the basis 
of operative reports, in an effort to locate abrupt changes in 
atrial activation timing consistent with nonconductive barriers 
to conduction. Regions thought to be consistent with atrial 
scars were identified 1) when two disparate (>50-ms epara- 
tion) atrial electrograms were recorded from adjacent elec- 
trodes of the same catheter and the relative timing of the two 
activations varied along the length of the putative scar with 
fusion of the two activations occurring at the ends, or 2) when 
small movements of the mapping catheter resulted in discon- 
tinuous changes in the timing of recorded electrograms. As a 
nonconductive barrier was traversed with the mapping cathe- 
ter, electrogram timing would differ by ->50 ms despite move- 
ments of <1 cm. During atrial pacing, atrial electrograms 
recorded from points separated by atriotomy scars displayed 
readily observable timing differences with respect o the site of 
atrial stimulation (Fig. 1). Areas of the atrium thought o be 
Figure 1. Panel A, Fluoroscopic position of electrophysiologic cathe- 
ters within the right atrium in Patient 14 with intraatrial reentry around 
an atriotomy scar created by surgical repair of an atrial septal defect. 
The pacing/ablation catheter is labeled RF; the distal four bipolar 
electrodes of the decapolar catheter in the right atrium are labeled 
RA1 to RA4. Quadripolar catheters at the His bundle and coronary 
sinus are labeled H and C, respectively. B, Catheter position during 
atrial pacing after movement of the mapping catheter -1 cm caudally 
brought it below the line of conduction block. C, Position of the 
pacing/ablation catheter when the tachycardia was terminated with 
radiofrequency energy application. All fluoroscopic views are in the 
fight anterior oblique position. The position of the right atrial deca- 
polar catheter remained constant. Electrograms and 10-ms time lines 
recorded uring normal sinus rhythm from the decapolar catheter (D) 
show a significant conduction delay (ll0 ms) between the proximal 
electrode pair (RA1) and the more distal electrode pairs (RA3 and 
RA4). The two-component signal recorded in RA2 results from the 
electrode pair traversing the line of conduction block between the two 
electrodes of this bipole. Pacing below the atriotomy scar (E) demon- 
strated a significant conduction delay to the proximal electrode pairs 
(RA1 and RA2). Pacing above the line of conduction block produced 
no significant change in the activation sequence (F). The timing of 
activation at the distal electrode pairs shows ubstantial latency from 
the pacing stimulus to the first recorded atrial activity. All activation 
times are in milliseconds. 
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Figure 2. Organized from top to bottom are 10-ms time lines, surface 
electrocardiographic leadI and electrograms recorded from Patient 14 
during intraatrial reentrant tachycardia. Recordings from the distal 
four electrodes of the decapolar catheter in the right atrium are 
labeled RA] to RA4. Electrograms recorded from catheters at the His 
bundle and coronary sinus are labeled HBE, CS OS and CS2, 
respectively. MAP A demonstrates electrograms recorded from a 
mapping catheter located above a line of postoperative conduction 
block. MAP B shows electrograms recorded from below the line of 
conduction block. These lectrograms are separated by191 ms. 
consistent with atrial septal patches were identified by low 
amplitude lectrograms and the inability to pace in that region 
with peak stimulus intensity (10 mAx 2.0 ms) despite 
fluoroscopic evidence of adequate lectrode-tissue contact. 
Activation mapping in regions immediately adjacent to these 
nonconductive barriers was used to compare the activation 
sequence with the apparent onset of atrial activation in the 
surface electrocardiogram (ECG). 
Identification of the isthmus, Activation mapping was con- 
fined to regions in the immediate vicinity of the previously 
defined nonconductive barriers with activation times 30 to 
50 ms before the onset of atrial activity in the surface ECG. In 
these regions, activation mapping was first used to confirm that 
atrial activation spread continuously from regions activated in 
the preceding tachycardia cycle to regions activated in the 
following cycle. Functionally, this was accomplished by track- 
ing activation times of -100 to + 100 ms relative to the onset 
of atrial activity in the surface ECG. Activation mapping was 
then used to define the boundaries of the nonconductive 
barrier (Fig. 2). The physical extent of noneonductive barriers 
was determined by mapping the region over which disparate 
electrograms could be recorded. The isthmus selected for 
transection was the narrowest section of conducting atrial 
tissue separating an identified nonconductive barrier from an 
anatomic boundary to conduction (e.g., inferior or superior 
vena cava or tricuspid annulus). In each case, the line between 
the nonconductive barrier and the nearest anatomic boundary 
ran in close proximity to locations with activation times 30 to 
50 ms before the onset of the surface P wave (Fig. 3). 
Radiofrequency ablation. A series of 30- to 60-s applica- 
tions (20 to 30 W) was used to create aline of conduction block 
that extended from the atrial scar or patch to the nearest fixed 
anatomic onduction barrier (the inferior or superior vena 
cava or tricuspid annulus). If the tachycardia persisted after 
completion of this procedure, mapping was again performed 
and the entire procedure was repeated. When radiofrequency 
ablation interrupted the tachycardia, programmed atrial stim- 
ulation and burst atrial pacing were performed from multiple 
atrial sites in an attempt to reinitiate the targeted tachycardia. 
Success was defined as the inability to initiate any tachycardia 
after 30 rain with programmed atrial stimulation (with the use 
of up to three atrial extrastimuli at atrial pacing cycle lengths 
to 300 to 400 ms) and burst atrial pacing (to pacing cycle 
lengths of 200 ms). Isoproterenol (0.005 to 0.02 mg/kg per min) 
was administered after termination ofthe intraatrial reentrant 
tachycardia with radiofrequency applications when it had been 
required for induction of the tachycardia. 
Statistical methods. All data were analyzed with patients 
as the unit of analysis. Results arc given as the mean value or 
the mean value + SD followed by the 95% confidence interval. 
Resu l ts  
Immediate results of catheter ablation. Thirty-one sepa- 
rate intraatrial reentrant tachycardias were identified with 
electrophysiologic mapping. Of the 31 tachycardias induced, 
ablation was attempted in the 17 tachycardias have P wave 
configurations consistent with clinically identified intraatrial 
reentrant tachycardias or those readily and reproducibly in- 
duced and sustained. Three (21%) of the 14 patients presented 
to the electrophysiology laboratory with intraatrial reentrant 
tachycardias. Eight (72%) of the 11 remaining patients had 
induced tachycardias with a P wave configuration consistent 
with that on clinically obtained ECGs. The six remaining 
tachycardias were easily induced and sustained and thus con- 
sidered to be clinically relevant. The mean cycle length of the 
intraatrial reentrant tachycardias that were ablated was 314 +_ 
88 ms. 
Thirteen (93%) of 14 patients (95% CI 79% to 99%) had 
tachycardias terminated with radiofrequency applications dur- 
ing the initial electrophysiologic procedure. The mean number 
of radiofrequency applications required was 22 _+ 18. In 11 
(78%) of 14 patients (95% CI 57% to 99%), a nonconductive 
barrier in a location consistent with a right lateral atriotomy 
scar enabled stable intraatrial reentry. A series of radiofre- 
quency lesions was applied to create a nonconductive link 
between this scar and the inferior vena cava (n = 5), the 
superior vena cava (n = 1) or the tricuspid annulus (n = 3). 
Two patients required two lines of radiofrequency applications 
between right atrial scars and the tricuspid annulus, as well as 
the inferior vena cava. Each of these lines of conduction block 
terminated a separate tachycardia. Two patients had intraatrial 
reentrant tachycardias that appeared to be related to atrial- 
septal patches, and two had tachycardias that were related to 
intracardiac baffles. A line of radiofrequency applications was 
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extended from the atrial septal patch to the inferior vena cava 
in Patient 1. A similar line of radiofrequency applications was 
created between an atrial septal patch and the tricuspid 
annulus in Patient 13. Patient 9, who had undergone Mustard 
repair for dextrotransposition of the great vessels, had a line of 
radioffequency applications made between the intracardiac 
baffle and the tricuspid annulus. In Patient 2, who had under- 
gone a modified Fontan procedure, attempts o create aline of 
conduction block from the hemibaffle to the superior vena cava 
were unsuccessful (Table 2). 
Follow-up. Intraatrial reentrant tachycardia recurred in 6 
(46%) of 13 patients (95% CI 19% to 73%) within 1 week to 
5 months (mean 49 days) after the initial ablation procedure. 
All six patients who experienced recurrences underwent repeat 
ablation procedures. In each case, the recurrent intraatrial 
reentrant tachycardia h d a configuration similar to that of the 
previously documented rhythm, and electrophysiologic map- 
ping revealed activation sequences identical to those seen at 
the initial study. The same therapeutic procedure was repeated 
in each case (multiple applications of radiofrequency energy in 
a line connecting two barriers to conduction), resulting in 
successful termination of the tachycardias. 
Twelve (86%) of the 14 patients (95% C167% to 99%) who 
underwent radiofrequency ablation for intraatrial reentrant 
tachycardia have remained free of the arrhythmia since their 
last ablation procedure (mean 7.5 2 5.3 months [range 1 to 
16]). Patient 1 had one episode of tachycardia after his second 
ablation procedure and has been free of arrhythmia with 
amiodarone therapy. Patient 8 has continued to receive sotalol 
for treatment of atrial fibrillation but has had no further 
intraatrial reentrant tachycardia. 
Complications. Two patients had complications related to 
their electrophysiologic procedures. One patient, with a Fon- 
tan repair and tachycardia-induced cardiomyopathy, experi- 
enced hypotension that required pressor support for 24 h. A 
Figure 3. A, Surface lectrocardiographic leads II and V1 and electro- 
grams recorded from Patient 4immediately before tachycardia abla- 
tion with 10-ms time lines. Channels RA1 through RA4 are recorded 
from a decapolar catheter incontact with the anterolateral wall of the 
right atrium near the tricuspid annulus. The two-component lectro- 
gram in channels RA3 and RA4 indicates that he catheter traverses a 
line of conduction block at this location. The mapping/ablation 
catheter (MAP) is located in the isthmus region between the line of 
conduction block and the tricuspid annulus and demonstrates both 
atrial and ventricular components. Channels CSp, CSm and CSd were 
recorded from the proximal, mid and distal coronary sinus positions, 
respectively. B, Termination fthe tachycardia uring the application 
of radiofrequency energy. The tachycardia terminates with interrup- 
tion of activation between RA3 and RA2, immediately adjacent tothe 
previously identified line of conduction block. The last ventricular 
electrogram in B is paced. 
pseudoaneurysm of the left femoral artery that did not require 
surgical intervention developed in another. 
Discuss ion  
Role of surgical barriers. Intraatrial reentrant tachycardia 
is a well described complication after cardiac surgery. After the 
repair of complex congenital heart disease, intraatrial reen- 
trant tachycardia may develop in as many as 25% of patients 
(1-4), and in this group it is notoriously difficult to manage 
with antiarrhythmic drug therapy. We and others have specu- 
lated that nonconductive atriotomy scars play a critical role in 
the pathophysiology of postoperative intraatrial reentrant 
tachycardia. As there are patient-specific anatomic variations 
in the location and extent of atriotomy scars, a successful 
strategy for radiofrequency ablation of intraatrial reentry in 
this setting must take into account these patient-specific dif- 
ferences. 
Anatomic ablation versus identification of regions of slow 
conduction. Stevenson and Khan and colleagues (16,17) have 
used pace mapping to identify candidate sites for ablation of 
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Table 2. Characteristics of Intraatrial Reentrant 
Tachycardia Circuits 
Cycle 
Length Postoperative Anatomic 
Pt No. (ms) Barrier* Barrier? 
1 210 ASD patch IVC 
2 275 RA hemi-batlle SVC 
3 320 RA atriotomy scar TA 
320 RA atriotomy scar IVC 
4 280 RA atriotomy scar TA 
5 330 RA atriotomy scar IVC 
6 535 RA atriotomy scar TA 
7 230 RA atriotomy scar IVC 
8 360 RA atriotomy scar SVC 
9 295 Intraatrial baffle TA 
10 340 RA atriotomy scar IVC 
11 235 RA atriotomy scar IVC 
12 200 RA atriotomy scar TA 
13 385 RA atriotomy scar TA 
450 RA atriotomy scar IVC 
240 ASD patch TA 
14 335 RA atriotomy scar IVC 
*Area of conduction block consistent with surgical residua from which a line 
of radiofrequency applications was extended, tNonconductive structure to which 
the line of radiofrequency applications was extended. ASD = atrial septal defect; 
IVC = inferior vena cava; Pt = patient; RA = right atrium; RAA = right atrial 
appendage; SVC = superior vena cava; TA = tricuspid valve annulus. 
ventricular tachycardia. Triedman et al. (15) applied these 
techniques to intraatrial reentrant tachycardia, ttempting to
identify a region of slow conduction as a target for ablation. 
However, their long-term success rate was only 40%. Lesh et 
al. (14) employed a similar technique in six patients. With an 
anatomically based approach, our 86% success rate on 
follow-up compares favorably with that of an approach based 
on entrainment mapping and identification fslow conduction, 
as proposed by Triedman et al. 
Except in cases where the critical isthmus is very narrow, a 
single radiofrequency lesion may not be sufficient to provide 
permanent conduction block across the entire isthmus. Appli- 
cation of radiofrequency energy with the goal of extending the 
nonconductive barrier to a natural atrial boundary (thus 
transecting the entire isthmus) as done in this study, and 
analogous to the application of radiofrequency energy in the 
treatment of typical atrial flutter (as described by Poty et al. 
[18]), may have contributed to our improved success rates 
relative to those of Triedman et al. (15). 
Multiple tachycardias. Multiple tachycardia circuits have 
been observed in patients after complex atrial surgery, poten- 
tially limiting the efficacy of catheter ablation. Although we 
targeted only 55% of the observed tachycardias, 12 of our 14 
patients are free of intraatrial reentrant tachycardia fter 
catheter ablation. There are several possible explanations. 
First, all of the nontargeted tachycardias were seen only in the 
setting of acute lectrophysiologic testing. Thus, these multiple 
tachycardias may represent a nonspecific finding with little 
clinical significance. Second, as Frame et al. (12,13) routinely 
observed in their canine model of atrial flutter, a single, 
anatomically defined tachycardia circuit may be traversed in 
two (antiparallel) directions; thus, the ablation of a single 
circuit may interrupt two tachycardias. Finally, it is conceivable 
that a common isthmus of tissue may enable more than one 
tachycardia, with the circuits differing in the trajectory taken at 
sites remote from the isthmus. All of these multiple tachycar- 
dias could be interrupted by transection ofa common isthmus. 
Limitations of the study. One important limitation of this 
study is the absence of pathologic studies. Nonconductive 
barriers identified by electrophysiologic mapping cannot be 
positively identified as surgical scars, even when they corre- 
spond to the locations of such scars documented in operative 
reports, without pathologic examination of the actual tissue 
comprising these regions. Although it is likely that areas of 
conduction block correspond to surgical scars, we were not 
able to confirm this in our study. Further evidence that these 
areas do represent surgical scars may be provided from intra- 
cardiac echocardiography, which has been used to aid identi- 
fication of sites for radiofrequency ablation of typical atrial 
flutter (19). 
The initial (93%) and long-term (86%) success rates in this 
study are comparable to those for typical atrial flutter; how- 
ever, 6 of our 14 patients did require a second ablation 
procedure. A recent report (7) indicated that linear applica- 
tions of radiofrequency energy in the isthmus between the 
tricuspid annulus and the inferior vena cava may be sufficient 
to interrupt typical flutter but may not cause a complete line 
of conduction block, and the authors suggested that the 
absence of a complete line of block predisposes to arrhyth- 
mia recurrence. The recurrences of tachycardia n our study 
were, in each case, attributable to an incomplete line of 
radiofrequency-induced conduction block through the isthmus, 
as demonstrated byactivation mapping in this region at the 
time of the repeat study. As a result of these findings, we have 
modified our practice to include demonstration f complete 
conduction block across the isthmus and no longer view 
inability to initiate the target tachycardia as an end point. 
Additionally, four of our six patients with recurrences had 
undergone xtensive procedures for correction of congenital 
anomalies, and it is conceivable that the complexity of the 
residual anatomy and surgical scars adds to the technical 
challenge of completing a nonconductive line of radiofre- 
quency lesions across a conductive isthmus. 
Clinical implications. Our study demonstrates that intraa- 
trial reentrant tachycardia n patients after cardiac surgery is 
amenable to radiofrequency ablation, and that ablation can be 
achieved by using focused activation mapping in the immediate 
vicinity of atriotomy scars and performing radiofrequency 
ablation to transect a critical isthmus of conductive tissue 
between two nonconductive r gions. Our results suggest that 
regions of putative "slow conduction" need not be specifically 
identified to achieve long-term success and that detailed 
entrainment s udies are not required to identify the "critical 
isthmus." These results also suggest that only tachycardias that 
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are consistent with clinical arrhythmias hould be targeted for 
ablation. 
Insights gleaned from this study suggest hat the incidence 
of postoperative intraatrial reentrant tachycardia may be sub- 
stantially diminished by minimally altering the surgical proce- 
dures such that the necessary atriotomy incisions are made in 
contiguity with nonconductive atrial borders (inferior vena 
cava, superior vena cava, pulmonary veins, valve annuli). 
Re ferences  
1. Warnes CA, Sommerville J. Transposition of the great arteries: late results 
in adolescents and adults after the Mustard procedure. Br Heart J 1987;58: 
148-55. 
2. Gelatt M, Hamilton RM, McCrindle BW, Gow RM, Williams WG, Freedom 
RM. Risk factors of atrial tachycardia after the Fontan operation. J Am Coil 
Cardiol 1994;24:1735-41. 
3. Fishberger SB, Wernovsky G, Gentles TL, Gauvreau K, Mayer JE, Walsh 
EP. Predictors of atrial flutter following the Fontan operation [abstract]. 
J Am Coll Cardiol 1994;23:104A. 
4. Driscoll D J, Offord KP, Feldt RH, Schaff HV, Puga FJ, Danielson GK. Five 
and fifteen year follow-up after the Fontan operation. Circulation 1992;85: 
469-96. 
5. Flinn CJ, Wolff GS, Dick M. Cardiac rhythm after the Mustard operation for 
complete transposition f the great vessels. N Engl J Med 1984;310:1635-42. 
6. Balaji S, Johnson TB, Sade RM, Case CL, Gillette PC. Management of atrial 
flutter after the Fontan procedure. J Am Coll Cardiol 1994;23:1209-15. 
7. Fold GK, Fleck RP, Cheen PS, et al. Radiofrequency atheter ablation for 
the treatment of human type I atrial flutter: identification of a critical zone 
in the reentrant circuit by endocardial mapping techniques. Circulation 
1992;86:1233- 40. 
8. Chen SA, Chiang CE, Yang CA, et al. Sustained atrial tachycardia n adult 
patients: electrophysiologic characteristics, pharmacological response, pos- 
sible mechanisms, and effects of radiofrequency ablation. Circulation 1994; 
90:1262-78. 
9. Schuessler RB, Bioneau JP, Bromberg B1, Hand DE, Yamauchi S, Cox JL. 
Normal and abnormal activation of the atrium. In: Zipes DP, Jalife J, 
editors. Cardiac Electrophysiology: From Cell to Bedside. Philadelphia: 
Saunders, 1995:543-62. 
10. Rosenblueth A, Garcia-Ramos J. Studies on flutter and fibrillation II. The 
influence of artificial obstacles on experimental auricular flutter. Am Heart J
1947;33:677-84. 
11. Boyden PA, Frame LH, Hoffman BF. Activation mapping of reentry around 
an anatomic barrier in the canine atrium: observations during entrainment 
and termination. Circulation 1989;79:406-16. 
12. Frame L, Page R, Hoffman B. Atrial reentry around an anatomic barrier 
with a partially refractory excitable gap. A canine model of atrial flutter. Circ 
Res 1986;58:495-511. 
13. Frame L, Page R, Boyden P, Fenoglio J, Hoffman B. Circus movement inthe 
canine atrium around the tricuspid ring during experimental atrial flutter and 
during reentry in vitro. Circulation 1987;76:1155-75, 
14. Lesh M, Van Hare G, Epstien L, et al. Radiofrequency atheter ablation of 
atrial arrhythmias: results and mechanisms. Circulation 1994;89:1074-89. 
15. Triedman JK, Saul JP, Weindling SN, Walsh EP. Radiofrequency ablation of 
intra-atrial reentrant tachycardia after surgical palliation of congenital heart 
disease. Circulation 1995;91:707-14. 
16. Stevenson WG, Khan H, Sager P, et al. Identification of reentry circuit sites 
during catheter mapping and radiofrequency ablation of ventricular tachy- 
cardia late after myocardial infarction. Circulation 1993;88:1647-70. 
17. Khan H, Stevenson WG. Activation times in and adjacent to reentry circuits 
during entrainment: implications for mapping ventricular tachycardia. Am 
Heart J 1994;127:833-42. 
18. Poty H, Saoudi N, Aziz AA, Nair M, Letac B. Radiofrequency atheter 
ablation of type 1 atrial flutter: prediction of late success by electrophysi- 
ologic criteria. Circulation 1995;92:1389-92. 
19. Oglin JE, Kalman JM, Fitzpatrick AP, Lesh MD. Role of right atrial 
endocardial structures as barriers to conduction during human type 1 atrial 
flutter: activation and entrainment mapping uided by intracardiac echocar- 
diography. Circulation 1995;92:1839-48. 
